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EFFECT  OF  AERODYNAMIC-HEATING  SIMULATION 
ON  MARK  24  SIDEWINDER  1C  SUSTAINER  GRAINS 


by 


V.  A  .  3  oy  1  o 

Pr.ipul  MOii  CrvcLipnriit  f'n-piirt"i'itl 


•A  RS’I' R  AC  r  Sulcwi  ndr  r  I  C  suslaiurr  grains  wi-rr  uucn 
ac  rocl\naini(  -hcaimL;  (  vi  Ics  to  dctofiniiu'  ila  ina  ii  u  ol'I'n  is 
on  the  p  rojx' 1  la  lit  and  its  ponphoral  inhibitor  Propidlar.t 
grains  wcro  hcatcil  in  a  thin -wa  I  lod  motor  tiibo  hm-inu  a 
n  i  i'  h  rom  ('  r  i  bbon  hoa  1 1  ng  (dement  on  its  outer  si  i  r  I  a  (  e  . 

I'dlud  ((.dlulose  inhibitor  on  the  propidlar.t  pram  priuecl  'o 
be  most  sns(  eptible  '■>  d  e  p  I'a  da  1 1  on  .  is'u  k  s  m.  tlie  ii.hib'.tor- 
and  l.ai'pe  un!ion(|ei|  areas  de\ (dope*!  alter  li'.e  to  leu  mm'-o'i. 
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INTRODUCTION 


Tests  of  inert  Sidewinder  1C  missiles,  carried  by  supersonic  air¬ 
craft,  have  shown  that  motor -tube  temperatures  were  increased  con¬ 
siderably  by  aerodynamic  heating.  This  raised  the  question  whether  the 
sustainer  propellant  grain  could  endure  repetitive  aerodynamic -heating 
cycles  over  several  missions. 

The  objective  of  this  study  was  to  learn  how  the  transfer  of  heat 
from  a  motor  tube  to  its  contained  propellant  affected  the  propellant 
grain  and  its  peripheral  ethyl  cellulose  inhibitor.  The  Sidewinder 
1C  sustainer  grain  of  X-14  propellant  was  subjected  to  a  temperature¬ 
time  relationship  simulating  an  aircraft  intercept  mission.. 


TEST  .APPROACH  AND  EQUIPMENT 


Work  began  with  an  experimental  determination  of  the  heat  -  soft  eni  ng 
temperature  of  the  propellant  inhibitor  and  the  percentage  of  radiant 
enc'rgy  transmitted  through  it.  The  next  phase  consistefi  of  finding 
the  heat  requirements  to  produce  the  desired  temperatures.  The 
standard  motor  tube  was  a  heat  sink,  which  would  hindt'r  thi*  fast 
temperature  rises  desired.  Even  if  the  thick-walled  motor  tube  were 
eliminated,  full-sized  grain  tests  presented  heating-rate  reqiii  rimi  ent  s 
beyond  the  capabilities  of  existing  local  surveillanci'  ovens.  Need  fo  r 
a  special  electric  heating  element  to  be  fitted  o\-er  the  grain  was  evident. 
Power  requirements  and  a  survey  of  controls  availabh'  dictated  the  use 
of  a  nichrome- ribbon  healing  element  of  app  roximat  e  I  y  1  ohms  resist¬ 
ance. 

For  the  first  four  tests,  the  nii'hrome  ribbons  wen'  wrapped  direi  t 
Iv  on  the  exterior  inhibited  surface  of  the  grain.  This  was  I’oimd  to  be 
unsatisfactory.  In  all  sulisequen.t  tests,  the  grain  was  pbu  etl  m  a  i  lose 
fitting,  \e  ry -thin -walled  steel  lube'.  The  nichrome  heating  element 
was  wrapped  around  the  insulated  external  snrfaie  of  the  tube.  rhermo 
iduples,  connectefl  to  the  steel  tube  and  to  the  heating  e  1  e  m  ei  I ,  !■  ii.i  b  1  ( -d 
permanent  riuording  iif  t  tuu  jie  ra  tu  r  e  versus  lime.  .\  V.ii-nii  .o.i:  li  mp.  im- 
ture  recorder,  located  re'notelv  from  the  grain,  '.'.er''  ii'o  O  eontisd 
the  heat  applieil  to  the  grain.  During  testing,  the  grain  w;is  suspendrd 
with  Its  longitudinal  axis  vertical  in  an  insulated  jaiket  lo  prevent  lieat 
loss  to  atmosphere  during  heating.  I'o  tool  the  gram,  the  power  was 
shut  off  and  the  grain  lowered  into  a  looling  nai  ket  bv  use  of  a  pullev 
sv'stem  remotelv  lontrolled  Irom  the  \'ariai  site.  Variai  ma  n  i  pu  ba  1 1  or, , 
with  lOoling  at  the  end  of  a  heating  (V>!e,  enablecl  i-illier  the  gram 
inhibited  surfaie  or  the  steel-tube  lemperalnres  to  loi.firm  to  a  pre 
programmed  I  em.  pe  ra  1  u  r  e  ■  1 :  me  <urvi'  drawn  oj.  ihe  re,  order  'h.-r'  nr:  r 
'  ’  t  e  S  ;  1 ; ,  g  .  \  r  e  1  O  r  d. ;  g  .1 ; ;  ,  m  ,  t  e  r  1  m  1  ’  a  1:  i •  e  |  s  1  ;  d  ot  '  e  f ;  ,  ,  r  r  '  • :  '  '  r  s  .  I 
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time  curves  corresponding  to  the  temperature  versus  time  curves. 
Figure  1(a)  schematically  shows  the  arrangement  of  test  apparatus; 

Fig.  1(b)  through  1(e)  show  the  component  parts. 

Thermocouples,  placed  at  predetermined  locations  depending  on  the 
particular  test,  gave  temperatures  at  those  sites.  Characteristics  and 
findings  of  individual  tests  are  given  in  the  succeeding  paragraphs. 


TEST  RESULTS 


THERM.-\L  PROPERTIES  OF  THE  INHIBITOR 

Whc'ii  preparing  for  the  first  test,  it  was  not  known  whether  or  not 
radiant  energy  could  he  transmitted  through  the  t  ran s h.u' ent  inhibitor  to 
the  propellant.  Two  ethyl  cellulose  sample's,  oni'  0  ffOTh  iiu'h  and  a 
seeiond  0.05Z  inch  thick  were'  tested  on  an  infrared  s[)t'e-t  ropholoiiu'l  i' r 
which  mi'asuri’d  the  percentage  of  transmittance  x  ersus  wa\elenglh. 

.■\s  sheiwn  in  Fig.  Z  and  T  ihi'  0.  007h -mch-thick  sample  allowed 
transmission  of  appreciable  radiant  energy,  but  thi'  0 .  05 Z  - i n ch  - 1 h i ck 
sample  alloweei  only  a  negligible  amount.  Siium  the  0.  05  Z  -  im  h-t  hi  i  k 
sampU'  came  from  a  fn-shly  wrapp<'(!  grain,  it  appeaiu'd  imasonable  to 
assume  that  energy  transfer  from  either  the  motor  tube  or  healing 
eb'MU'iit  to  tht'  propellant  would  be  essentiallv  all  conductior.. 

In  an  additional  test,  ethyl  cellulose  lapi'  v^'as  wrapped  on  a  5  im  h 
fliameter  aluminum  tube  simulating  an  actual  gram  wrapping.  Tape  ums 
wrapped  on  the  tube  both  wdth  and  without  El.B.A  soK  ent  I'hcrmoi  ou|)les 
were  placi'd  uiifier  ihi'  tajie  and  the  lube  placed  in  an  ocen  When  the 
tape  real  hed  Zb5°E,  Imbbles  ajipeared.  i  mil  <  a  1 1  n.  g  c  \-a  po  ra  1 1  o  i .  mi-  boiling 
ol  soU'ent.  Between  Z6‘^  and  y,  ifn.  tape  solteued  to  the  exiei  1  lh.it 

some  o|  the  t  he  r  tnoi  oupl  e  s  plaieil  between,  the  lajii'and  tube  eurtaie 
sheared  through  and  mo\-ed  awav  from  tlu-  'ape.  At  -b'Z  lo  -11'''  I-',  the 
tape  turned  bro'.','n  and  sottened  to  the  <  u  sistem  \-  oi  bearing  gre.ise, 

.\lter  cooling,  the  tape  was  e\er\where  -.mootfi  .iiii)  unilormb,  inu.Ueil 
to  the  a  1 '  nil  1  I.U  III  tube 


WR.XHl'I.NCi  HF  .  riNC,  E 1 . KM l-i.N  V  XKOUM)  C,R  \IN 

rhe  gram  1  'r  thi  f.rst  te--’  w.as  '^pir.iU,  wr.ipued  with  -e-,  i  n 
■  idiaien.  t  1  .s  1  n.  h  -  w  nil-  I.  ii  h.  roi  r.  e  r -. 'ub  u.  s  ;d  . on  I-  ’•  imh  wico  .'r:  n 
oi  libergl.is-.  t.me  over  the  gr.iin  length,  a''  s!',".!,'  ;  n.  h'lg  -i  llminno 

lou'ples  weri'  1.1 t  en.ei;  m  'he  ■  Lie-.',  o  ’h.<  gr.i;:  -pe  rfo  r.a ' ;  n  .  .it  n..c 
dentil  :i.  tl'.e  nrope'l.ii.t  gram  v  !•:>.  a:  'h.e  rn'er:.-.'  i-  C  tin  i 

snrt.iie  .ind  nerinh.er.K  mh;';u:',i  r.  .in:  •.^n  .1  ;;!nn,''': 


v  r.i :  ne  ' ,  g  ra  ; -.v ;  •  !i  :  ’  -  h<  i  •  . ; 


CCN'ROL  BlDG  containing  TEMPERATURE  RECORDS, 
RECORD. NG  AMMETER,  AND  VARIAC 
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FIG  4.  Nu-hroinr  Heating  Element  W  I'appefl  mi  Grain 


in  a  1  50°  F  n\'en  for  18  hours,  following  whn  h  it  was  suspenclefl  in  the 
hea  t  -  i  nsii  lal  ing  jacket ,  also  luiiul  it  toned  at  150°F,  and  subjeited  to 
a|)[)lieation  of  eleetrie  hi'ating  in  aeeordain c  with  Fig  5 

Figure  b  IS  a  familv  ol  iur\'es  showing  the  temperature  xcrsu'^ 
radial  distaiu  e  inward  from  the  outsifle  of  the  grain  eo  r  res|)onding  to 
the  four  different  healing  i  vi  les  This  illustrates  the  tem|)erature 
gradient  resulting  from  low  proptdlant  ihi’rmal  em- ilu  i  t  i\' 1 1  .  The 
grain  ignited  after  !'•  minutes,  tin-  last  reiorded  tempi'rature  heii.g 
This  was  u ndouht er| I not  the  highest  lemperatui'e  liefore 
Ignition  he  I  au  s  ('  of  the  limited  iium  lie  r  of  t  lun  pe  ra  1  u  re  s  that  (  o  u  1  d  lie 
measuiu'd,  and  the  rei  order,  at  that  time,  was  not  geareil  fo  i-  maMinum 
printing  speed. 

Htuauseo!  the  d  i  t  fi' r  e  n  1 1  a  1  e\|)anstMn  iM-tvs'eiu.  gr.iin  and  niihreme 
element  .'iiui  the  low  solteimig  lemperaturi-  .if  the  gr.im  m.hihtlor.  there 
u'ere  some  d.iuhts  ah.iut  ha',  ing  applier;  the  ni.  hfiune  he,-itiiig  eh  ment 
d  1  r  e  I  1 1  \'  to  the  I  r.  h  1 1 1 1 1  ed  g  I'  I ;  n  s  u  r  1  a  >  e  .  h' m' .  r  e  i  •'hows  i  li  e  .  !  l .  ■ .  |  s  .  i ! 

;  n  h  1  i  ii  1 . 1  r  !■  \pa  n  s  1  on  a  n  d  si  i  ft  e  n  a:  g  1  l;e  r  e  :  re  ,  .  .  .n  '  p,  r  .i  t : .  .  i  -  r  i .  n.  t 

mo  I  i  1 1 n  g  the  mi't’io.j  tir  trai  sniitt;:  g  lu-.n  'o  'ti,-  grain  tut'ire  tests. 
Idle  tirst  test  '.eas  m.lije  ;s;;ga  tfesh  g  f  I  1  .  s  e  •  i  1  g  '  i  ■  ,  '  .  t  1  1  !  /  e  d 

g  I  .  1 1 1  s  r  e  I ; ,  ' e  d  t  r  ’  m  .S 1  d  e n  I :  e  r  It  m  >  t  o  r  s  I  ! ; .  s  .  ■  1  a  t  e  ;•  ,j  r  a  : ;  ■  '.■  ere 

r  e  p  r  e  s  e  •  t  ,i  1 1 i  ■  ■  f  m  e  i  e  r.i  t  e  t '.  a  g  e.  i  g  r  i  :  s  . ;  -a-  ho  h.  .i  ;  i.a  r  ' ;  .1 1  ii . .  g  r .  1 1  ;  o 

o  1  ;  1 1  r  o  g  1 ,  e  r  ; :  a  :  1 1  d  - 1  ;■  r  m;  e  i ;  .:  >■  ( .  I )  i  ’  \ )  , : .  t  '  'In-  . :  h ; : . ' '  o  r 

h,i  ( i  o ,  ,  ■  1  r  r  ed, , 
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tTG.  7.  Grain  Showing  Extrusiun  nf  Inhibitor  IP’twi'cn 
N 1  ^  hronu'  Ribbons  . 

motor  tube  havinj^  a  heatinq  clement  wrappefl  aroiii.d  its  outside  suriai  e, 
Sinee  these  earlier  tests  demonstrated  that  se\'ere  inhibitoi'  dam.iLte 
resulted  from  temperatures  bi'tweeii  ^7h  and  'A0"p,  a  less  severi 
temperature  \-ersus  time  [iroj^ram  was  deecdoped  to  determine  tin 
maximum  thermal  treatment  a  pram  ^  mild  withstand. 
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maintain  the  round  shape  of  the  thin-walled  tube,  copper  bands  were 
cemented  tightly  to  the  tube  and  partially  clamped  (Fig.  10)  The  grain 
and  tube  assembly  were  placed  in  tbe  insulating  jacket,  curren.t  was 
regulated  by  a  Variac,  and  temperatures  were  recorded  as  in  previous 
tests,  except  that  the  temperature  versus  time  program  of  Fig.  1  1  was 
chosen  for  use  in  these  and  later  tests  The'  program  of  Fig,  11  differed 
from  that  of  Fig.  5  in  that  the  highest  temperature  was  ,175  instead  of 
iSO-F. 

Using  this  equipment  in  Test  10,  a  gram  was  subjected  to  two  e\cles 
with  the  highest  the rmoi'oiipk'  n-ading  within  ±5  °  p  of  the  I  cm]n‘ rat  u  r e  - 
time  program  of  Fig  II.  Following  this  test,  examination  of  the  graii' 
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FIG.  11.  Tentative  .■Mlowable  Heating  Cyeh'  fcir  the  S.O-Iiuh 
Roek('t  Motor  Mk  Z4  Mod  0 

revealed  a  group  of  several  dozen  "pork  marks"  on  the  peripheral 
inhibitor.  These  ar<’as  were  1/8  to  5/  lb  inch  in  diameter  with  depths 
between  0  003  and  0.007  ineh,  the  rnajoVitv  being  0  00  3  im  h  deep. 

In  Test  11,  the  g rain  of  Te s t  1  0  wa s  gu-eii  three  fu  1 1  i  i  1  e s  r i'])ea I 
ing  the  Test  10  procedure.  Examination  of  the  gram  revioaled  three 
tvpes  of  inhibitor  ck- 1 r  io  rat  ion :  j)0(  k  marks,  c  rai  ks,  and  blisteis. 

C  ra ek  H  .  app  roxirna t e  1  v  ZO,  we  r  <•  1  ,  1  6  to  S  1  6  i m  li  Ion  g ,  0  00 1)  i o  0  0  1 

iiu  h  wide,  and  0.008  to  0.  OZO  iin  h  (k'cp.  t  here  were  IH  blisters  •.■.■ith 
diami'ti'rs  ranging  I  rom  1  ;  4  to  5  H  iiu  h  ami  heights  a  pp  r  o  i  ma  t  o  1  (i.O 
iiuh  abo\-e  the  normal  surfai  e  Tlie  pen  k  marks  .aiul  blisters  .ire  sh.r.i, 

in  Fig  1  Z  . 

bests  10  ami  11  .a.  i  derated  the  i  i.hi  hi  to  r  a  g  i  n  g  this  'a-.is 

pa  r  t  ii  u la  r  U’  em pha  s  1  /  e ti  a  ;  1  e  r  !  h  r !■  e  I  vd  e  s  '  > f  I  r  s  1  11.  .k  r  !■  \  1 1 ■■.>.■  if  !  h 

eiirrent  demanri  during  Test  11  iminaied  'hat  the  i  i.erL".'  s  i;e,.l;.'d  ;  ,  'h 
s  s  I  em  usa  s  the  sanmas  that  ''■.pplieel  !,s:  I'l  I.ihh 
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FIG.  12.  Blistered  and  Pock  Marked  Side  of  Graiii  Resulting 
From  Five  Cycles. 

the  changes  in  grain  dimensions  resulting  from  thi'  tests.  Outsidi'  and 
inside  diameters  of  the  grain  were  changed  little  bi’cause  the  loose  fit 
allowed  room  for  thermal  expansion. 


RE.-MING  TIGHT-FITTING  GRAIN 

In  Test  12,  a  grain,  having  an  outside  diamet('r  (O.  I).  )  of  9.  800 
int'hes,  was  placed  in  a  stainless  steel  lube  having  an  inside  diameter 
(I.D.)  of  4  805  inches.  The  tube  of  Test  12  differed  from  that  of  Tests  10 
and  1  1  in  that  12  had  a  smaller  I.  D.  and  used  iO-gage  instead  of  2  1-gage 
thermocouple's.  Wall  thickness,  the  rmocoupl  i'  placement,  aiui  heating 
clc'rnents  were  the-  same  as  before.  Thi'  grain  was  given  two  full  i  vcles 
following  the  procc'dure  of  Fig.  11.  Sini  c'  Tests  10  and  II  indiiated 
a  heating  efficiency  much  less  than  100%,  a  st-nsing  element  was  jilai  ed 
on  the  inside  wall  of  the  heal -insulating  jacket  to  record  wall  tempera 
ture  of  the  jacket  during  the  lest. 

Table  2  shows  the  valiK's  of  (  urrent  through  the  healing  element. 
Heating  efficiency  was  obtained  for  each  minute  by  squaring  i  urrent 
values  from  Test  12  for  that  partiiular  minute,  multipK'ing  this  bv 
2  64  8  ohms  (resistance)  and  d  i  %■  id  ing  this  p  rodin  I  into  the  i  o  r  r  e  s  pond  i  n  g 
instantaneous  power  as  gi\'en  in  Fig.  1  1.  F'or  Test  12  the  a\-erage 
heating  efficiein  v  for  the  first  15  minutes  of  heating  was  4'*,  F'n  lie, it 
losses  am'oss  the  1  1,2-uuhair  gap  between  the  motor  tube  ,u.d  tbi- 
inner  wall  of  the  heat  insulating  ja^  kel  were  suffn  lent  to  (  ause  the  inner 
wall  temperature  to  be  onlv  10  to  ■t5°[.'  lower  than  the  grain  t  e  m  pe  r  ;i  t  u  lu- , 

The  information  of  falde  1  pro'.erl  that  heating  the  grain  in  the 
1 1  gh  t  -  f  1 1 1  i  n  g  lube  of  Test  12  permanentl\-  redui  er!  the  gr.iin  outsirlr  .ii.ij 
inside  riiameters.  sliglitlv  redui  ed  the  u-eight,  and  slighth'  ir.i  lU'.'ised 
the  gram  length  The  ■.  is  ial  appi-aran.ie  ot’  the  gr.iin  sh'e.i.-cd  .i  str.inge 
lon.ditiu.  ;  t  -  lilv.te.t  i  r  \:.  .ire.i  lie-,  -.vi'n'  n  ■.  '1  :  1'-  .  :  ,■ 

V  on  t  .1 .  ec  I  h.  ; n  ' ;  r  e '  H  ‘  ; >■  e  r.  i ; ; .i  r  r-  i : . ■ ;  ■ : ; .  .i  '. .  ; . : : .  h  ■ .  ■  ■.  '1:  o  ..i  :  .  :  ' , 
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Ilf  M  ‘v 

FIG.  IT  Klcrtru  Powim-  ThtM.) ret ica  1 1  \’  Ncc'drd  for  HralinL;  Gram 

[)(i(  k  niarky  having  one  or  more  pin  holey  Ihu  k-mark  i  omit  was 
appro.Kimatel  V  .140  pi-r  square  iiu  h  and  pin-hole  count  a  pp  ro\ i  ma  l  e  I  \- 
HOO  per  square  inch.  Fin  holes  were  a  [ip  mx  i  ma  1  e  1  v  0  OO'I  iiu  h 
diaiiu'ter  by  .010  inch  dei'p.  'I'ht'  contiition  suggestecl  that  sol\-ent, 
and  possiblv  plasticizer,  evapiirated  out  of  the  periphi'ral  inhibitor 
lausing  the  pm  k  marks  and  pm  holes 

ri-kbriNG  OK  AVER  .GK  FITTI.N'G  GH  MX 

The  loosest  and  tightesi  expe.ted  fits  bef.veen  gram  and  mo|er  ! 
h.id  been  used  to  simulate  s|)e(ial  londilions  oi  a  e  lo  hI  vi.a  m  1 1  he.aiii.)'. 
Test  I  T  an  inhibited  gram  having  a  4.  Mini  im  h  O  1)  was  jila.  et;  w  . 
tube  h.a \  1  n g  an  i  I )  i > l  4  M  O I  m .  h. ■  .  the  I ui m • .  t  he  r 1 1 u  u  o u p  1  e  s  ,  .i : . d 
he.ltmg  element  Wen-  identli  a.  lo  th  )Se  d  I  est  Id  e\,  enl  t"r  the  t  :b' 
I.  I)  This  gram  was  given  two  heating  .  -.-i  lev  u,  a.  i  'ird.in'  .• 

Fig.  11.  S' 1 1) eo  u  i‘ n  t  msDeiii't,  showi-d  no  o.ii  k  m.arkm.  rai  M. .  ic.i 
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heating  cycles,  a  total  of  five  cycles  for  tc.e  grain.  Upon  grain  inspec¬ 
tion,  after  Test  14,  no  inhibitor  damage  was  found.  Five  additional 
heating  cycles  were  given  tais  assembly  in  Test  15,  bringing  the  total 
up  to  10  cycles  for  this  grain,  inspection  after  10  cycles  s’lcwed 
blisters,  cracks,  and  pock  marks  in  the  ini.ibitor  outer  surface.  Tnirt\ 
lilistcrs  had  diameters  ranging  from  1/8  to  1/4  me.;;  four  rangeci  from 
1/2  to  3/4  incl'i  diameter;  and  two  oti.ers  .ad  areas  approximately  1  1/2 
to  2  1/2  square  inches.  Heig 'ts  of  blisters  rangcul  between  0.015  an.. 

0.  040  inch.  Pock  mark  diameters  xsere  1/32  to  i/U  me'  ,  dept'.s 
0.  001  to  0.  005,  and  distribution  about  50  to  t  square  me  m  t  e 
affected  areas.  Tlie  iidubitor  also  contained  si'veral  undreci  cracks 
0.  003  to  0.  031  incii  widi.',  1/32  to  3/8  inc!  long,  and  0.  OOi  to  0.  04(  nu  . 
deep.  Only  four  or  fiv('  cracks  h.ad  t'  e  larger  dimensions.  (Noli'  m 
'I'able  2  t:ial  t!',e  grain  O.  D.  and  lengtii  c  angl’d  during  t  e  ti'sl,  ) 


.SUMMARY  OF  RESULTS 


GRAIN  DIMENSIONAL  Cll.ANGE  .AND  ITS  IMPOR  r.ANGl-; 

Reduction  of  O.  D.  and  increase  uf  len  t  I'esullm  arter  Tesm  1.1 
and  15  Mere  caused  wlien  I’le  iimtor  lube  lunileo  racial  exp.msioii  i.  t 
gram.  I'.ns  resulti'd  m  a  jie  manentlv  dei  i  easeii  ().  D.  .me  iiu  re.iseo 
gram  lengt:  .  For  l.'irge  diameter  rams  mill. ilk  Mtlm,  ti.  ll  m  m  i 
lubes.  O.  D.  and  1.  D.  rlecreaseii  and  lengt  nu  re.ised.  .■\  i  an  liisn  u  i 
t’  .It  .1  Sidewinder  1C  motor  c.irried  i;\  .i  plau<'  i  rursmg  unin-u.ill 
long  periods  ;iL  iiiglier  speeds  woulc  jir-aiuce  ,:r.im  >  ;  i  n  en  s  .  ;.a  1  i  .i;;,' 
Luis  u'ould  warrant  lurt..er  st  ,  .  m  ar'e.is  .U'  s.ilet  .ii  e  lailirstn  per- 

fo  rmanc e  of  t iie  missile. 


riGI  I  TNESS  OF  Fir  AND  INillRiroR  DAM.XGF 

I'e.  e  I  1  !  I  U  t  . .  e  _  r.l  m  m  1  e  t  ube  ,1  ppe.i  ri  i;  ;  I  .  :  t  e  I 

m'  lint. If  d,m'..ige  e.iused  Ir.-  .i  e  r.  a!  \-u,m  1 1 1  e.itmr,  In  i '  e  '  .i 
.iccurred  u.r  in.nter  w.  .it  ;  e  de..-ree  e  ;  i ; . 


XFRGDVN  .WLt,’  !1F,\  i  iNG  \ \  : '  i N I ! i  !U  1  (  'R 
I'Ll  FRRiR  \  I  it'N 


Re  I  em 

■ .  '  '  • '  » *'  I  \  t  1  .  • '  ■  I  • .  t  ■  t 

I  i  I  ■  !  '  ‘  F  ;  i  t  ;  *.  ! 


;  •  c :  ^  .  I :  <  < . 


{  !  I  •  '  ’  » 


NAVWEPS  REPORT  7905 


Pock  marks  and  pin  holes  probably  formed  as  solvent  boiled  or 
evaporated.  Existence  of  cracks  after  the  last  five  cycles  of  Test  15 
suggested  that  repeated  heating  and  cooling  resulted  in  a  dried  out,  and 
less  resilient,  aged  inhibitor. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  tests  of  this  study  have  shown  that  the  grain  withstood  10  of  thi' 
cycles  of  Fig.  11  without  cook-off  or  autoignition,  and  without  i-ausing 
damage  to  the  inhibitor  sufficiently  to  expose  th('  propellant.  Tiui  lycK-s, 
however,  probably  resulted  in  a  marginal  grain,  perhaps  unai'ceptable 
from  the  standpoint  of  unbonded  area.  Bonding  requii'ement  drawings 
for  the  sustaincr  grain  of  a  Sidewinder  IC  have  specified  that  no 
single  unbonded  area  be  greater  than  1  1 /d  square-  inchi-s. 

The  thin-walled  lube  and  niihrome  heating  element  usi-d  in  these 
tests  enabled  an  aerodynamic-heating  study,  using  a  maximum  of  30 
amperes,  to  get  the  required  heating  rates.  Application  of  this  method 
for  studying  liner  deterioration  when  heating  eithe-r  short  sectiems  or 
scale-d-down  models  of  larger  missiles  appears  to  be-  possible 

It  is  recommendeel  that  a  heat-barrier  material  be  applied  to  the 
external  surface  of  a  motor  for  use  where  temperatures  reach  7.75'' E  or 
higher,  .\pplication  of  a  thin  coating  of  Te-flon,  or  equi^-alent,  to  the 
inner  surface  of  a  rnotor-tvibe  wall  would  pn-vent  the  grain  inhibitor 
from  adhering  to  the  tube.  An  en\-i  ronmenta  1  test  program  should  be 
undc-rtaken  in  which  sc’veral  grains  siibji-cted  to  a  series  of  heating 
cvcles  could  be  fired  in  motors  to  evaluate  effei  ts  of  aeroilvnamu 
heating  on  ballistic  |)e  rfo  rniam  e . 
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